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Abstract The eﬀect of frequency and sample shape on fatigue behaviors of DZ125 superalloy are
systematically studied. The results show that fatigue fracture still occurs above the cycle of 108
for tests carried out at the frequency of f = 20 kHz and stress ratio R = −1, so the traditional
fatigue limit at cycle of 107 is not appropriate for fatigue design. Fatigue fracture surfaces are
perpendicular to stress axis for cylindrical and plate specimens, and the fatigue cracks originate
from the extra surface of the specimens. Fatigue crack is apt to propagate from cutting direction to
forward direction, which occurs mainly in the second propagation stage at higher stress amplitude.
There is an obvious frequency eﬀect for DZ125 superalloy. The higher the test frequency is, the more
serious the eﬀect of frequency on fatigue behaviors of the alloy. After the frequency correction, the
ultra-high cycle fatigue S–N curve well coincide with the traditional fatigue S–N curve. c© 2012
The Chinese Society of Theoretical and Applied Mechanics. [doi:10.1063/2.1203109]
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The turbine blade of aeroengine generally endure
high cycle vibration load. This type of vibration load
has the character of low stress amplitude and high fre-
quency. The frequency can reach several thousands Hz
and the cycle can reach 109.1–3 Many researchers name
the fatigue life above 107 as ultra-high cycle fatigue
(UHCF).4–6 Ultrasonic fatigue test system compared to
traditional fatigue test system can save time and money
at the large extent.
In this paper, ultrasonic fatigue test system is used
to study the ultra-high cycle fatigue property of tur-
bine blade DZ125 superalloy at f = 20 kHz. The ef-
fect of the shape of the specimen (cylindrical or plate)
on fatigue behaviors of the superalloy is studied. The
fracture character is described and the crack propagate
rate is measured. To study the eﬀect of frequency on fa-
tigue behaviors of the superalloy, the fatigue property of
f = 125 Hz is tested, the fatigue data of f = 10–145 Hz
are quoted. The study will provide the academic sustain
for engineering failure analysis.
The material tested in this investigation is DZ125
superalloy. It is a high performance directionally solid-
iﬁcation superalloy.
UHCF experiments are performed under symmetri-
cal push-pull conditions (R = −1) using an ultrasonic
fatigue testing machine (f = 20 kHz) at room tempera-
ture. The heat of specimens due to the high frequency
is avoided by means of compressed-air cooling. The fa-
tigue specimen designed for VHCF experiments include
cylinder and plate. The cylindrical and plate specimen
is shown in Figs. 1 and 2.
The fracture character is investigated with scanning
electron microscope (SEM).
The experimental data of the fatigue tests of the
a)Corresponding author. Email: bluebee4646@163.com.
Fig. 1. Dimension of sample used in ultra-high cycle fatigue
testing for cylindrical specimen.
Fig. 2. Dimension of sample used in ultra-high cycle fatigue
testing for plate specimen.
cylindrical and plate specimens of DZ125 superalloy are
shown in Fig. 3. No fatigue limit is observed for both
types of specimens and the specimens fracture when
the cycle reaches 107. The two S–N curves basically
coincide with each other. Both curves of the tested
material are continuously decreasing from the mega to
the very high cycle regime. No step is observed in the
two curves.
The equations of the curves for cylindrical and plate
specimens are shown in Eqs. (1) and (2), respectively
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Fig. 3. S–N curves of DZ125 superalloy for two types for
ultra-high cycle fatigue (f = 20 kHz).
as follows
σa = 1072(2Nf)
−0.068, (1)
σa = 993(2Nf)
−0.063. (2)
For the two types of specimens, at the same applied
stress amplitude, the fatigue life is basically the same.
From the equations, both the fatigue strength coeﬃ-
cient and fatigue strength exponent of the two curves
are similar. The results show that the type of the spec-
imens has no inﬂuence on the fatigue property of the
superalloy for the cylindrical and plate specimens.
Figure 4 is the SEM micrographs showing the whole
fracture morphology of the cylindrical specimens. The
fatigue fractures are ﬂat; the cross sections are perpen-
dicular to the stress axis. All of cracks initiated at the
surface of the specimen. The fatigue origin area occupy
a large proportion of the entire fracture. The areas show
gradually increase with the applied stress amplitude re-
duction. The smaller the applied stress amplitude is,
the more obvious the character of the ﬁrst stage crack
propagation. The crack propagation rate is low in the
ﬁrst stage, so there are several crystallographic slopes
when the stress is lower. This feature is detailedly inter-
preted as that the atomic bonding strength in adjacent
slip plane decrease during slipping repeatly, the lower
applied stress tends to cleavage-like fracture in the local
slip area. Fatigue crack is apt to propagate from cut-
ting direction to forward direction, that is mainly the
second stage propagation, at higher stress amplitude.
Figure 5 is the SEM micrographs showing the whole
fracture morphology of the plate specimens. The fatigue
fracture is ﬂat and perpendicular to the stress axis. All
of cracks initiated at the surface of the specimen. There
are no obvious micro-porosity or other metallurgy de-
fects in the origin zone. The fatigue crack propagates
to the interior of specimen. There are also several crys-
tallographic slopes when the applied stress amplitude is
lower. The fracture morphology of the two types spec-
imens is similar. There are no “ﬁsh eye” character as
other materials in the two types of specimens when the
crack origin is single.
The width of fatigue striation at diﬀerent crack
length is observed and measured by SEM. The curve in
Fig. 6 shows the relation between the width of fatigue
striation and crack length nominal crack propagation
rate. The fatigue crack propagation rate increases with
the increase of the crack length. From the curve the
fatigue life can be concluded and ﬁgured out.
Some investigations show that the fatigue property
is better at ultra high frequency (f = 20 kHz) than that
at conventional frequency,7–9 so the eﬀect of frequency
on the fatigue property of materials should be taken
into account.
To compare the eﬀect of frequency on the fatigue
property, the experiments are performed under symmet-
rical push-pull conditions (R = −1) at f = 125 Hz at
room temperature, the shape of specimen is cylindri-
cal. The data of fatigue property of DZ125 superalloy
at f = 10–145 Hz are quoten and the shape of specimen
is also cylindrical.
The equations of the curves for f = 10–145 Hz,
f = 125 Hz and f = 20 kHz are shown respectively
as follows
f = 10− 145 Hz, σa = 6418(2Nf)−0.258,
f = 125 Hz, σa = 5921(2Nf)
−0.229, (3)
f = 20 Hz, σa = 1072(2Nf)
−0.068.
The data of the tests are lineared ﬁtting. The S–N
curves are shown in Fig. 7. For f = 125 Hz, the ap-
plied stress is between 120 and 500 MPa. The fatigue
life is between 104 and 107. The specimens do not frac-
ture under the cycle of 107, which coincides with the
conditional fatigue test of f = 10–145 Hz.
The three S–N curves continuously decrease. Such
curves show the character of DZ125 superalloy, which
is diﬀerent from the stepwise decreasing type of some
other superalloys. The two curves (f = 10–145 Hz,
f = 125 Hz) show that the specimens do not fracture
under the cycle of 107, which reach the conditional fa-
tigue limit of the alloy, while the specimens fracture
till the cycle reaches 109 at f = 20 kHz. The higher the
test frequency is, the more disperse the fatigue property
data. When the fatigue life at the range of 104–107, the
three curves show that fatigue life is a increase trend
with the reduction of the applied stress amplitude. The
drop degree of the three curves is diﬀerent, and the drop
degree of the two curves (f = 10–145 Hz, f = 125 Hz)
is similar, but the drop degree of f = 20 kHz is com-
paratively less, and the curve is gently decline. At the
same applied stress amplitude, there are diﬀerent cycle
numbers for the three curves. The higher the test fre-
quency is, the higher the cycle number. For the cycle
of 107, the applied stress amplitude is very high when
f = 20 kHz. It can be assumed that there is frequency
eﬀect on DZ125 superalloy.
The two typical types of fatigue fracture are selected
to observe and analyze for f = 125 Hz. The side el-
evation of fatigue fracture are shown in Fig. 8. The
altitude diﬀerence of the fracture is comparatively big.
For σa = 200 MPa, Nf = 6.628 × 106, the fatigue zone
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Fig. 4. Fracture surfaces of DZ125 superalloy after ultra-high cycle fatigue tests for cylindrical specimens.
Fig. 5. Fracture characteristic in DZ125 superalloy after ultra-high cycle fatigue tests for plate specimens.
Fig. 6. Curve of crack growth rate for σa = 500 MPa,
Nf = 1.02× 106.
presents 45◦ shear fracture character, the fatigue crack
originates from the surface of the specimen and prop-
agates to the interior of specimen. The fatigue origin
is single, and the fatigue zone is a luminant and in-
clined plane, while the ﬁnal fracture zone is coarse. The
side elevation of the fatigue fracture show that, there is
an obvious diﬀerence of the fracture morphology under
f = 20 kHz between origin zone morphology and the
fatigue zone area.
The fracture planes are shown in Figs. 8(c) and 8(d)
for f = 125 Hz, the origin zone consists of slip planes,
and the slip lines and steps in the slip planes, there are
no obvious micro-porosity or other metallurgy defects,
and there are no crack internal origin for all fatigue spec-
Fig. 7. S–N curves of DZ125 superalloy at diﬀerent fre-
quency.
imens. The area of fatigue origin and crack propagate
zone occupy the entire frature about 1/2, the higher the
cycle, the bigger the area.
From the above results of fatigue property, there is
an obvious frequency eﬀect on DZ125 superalloy, so the
method of the load frequency amendment is quoted to
amend the results of tests.10 The following mentioned
Cf is the frequency amendment coeﬃcient, σal is the
conditional fatigue strength at f = 10–145 Hz.
Fatigue test data at f = 125 Hz are amended, and
the amended data are listed in Table 1. All values of
Cf are close to 0.7, the value can be used to ﬁt again
the fatigue property data at f = 125 Hz, which can be
used to analyze several groups for engineering. In these
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Fig. 8. Fracture surfaces of DZ125 after high cycle fatigue tests (f = 125 Hz).
Table 1. Load frequency modiﬁed data for f = 125 Hz.
Nf Cf σal/MPa
7.4× 104 0.767 384
8.2× 104 0.765 268
1.67× 105 0.749 150
4.37× 105 0.729 146
9.25× 105 0.713 207
2.89× 106 0.690 104
6.28× 106 0.674 135
1.00× 107 0.666 80
data, the value of σal can be ﬁgured out for every Cf .
Fatigue test data at f = 20 kHz are amended for
cylindrical specimen. The amended data are listed in
Table 2. All values of Cf are about 0.1–0.3. The value
is comparatively small which shows that the frequency
20 kHz has much eﬀect on the fatigue property. The
data at f = 20 kHz must be amended for being used to
analyze the fatigue strength of the material.
Table 2. Load frequency modiﬁed data for f = 20 kHz for
cylindrical specimens.
Nf Cf σal/MPa
1.02× 106 0.379 189.0
6.11× 106 0.270 94.4
6.64× 106 0.265 92.9
8.82× 106 0.251 72.9
9.02× 106 0.25 80.1
1.22× 107 0.236 68.6
1.27× 107 0.234 75.0
1.93× 107 0.217 62.8
1.67× 108 0.144 46.0
5.72× 108 0.114 33.0
8.77× 108 0.105 30.0
1.00× 109 0.100 25.6
Try to amend the fatigue test data in f = 20 kHz for
plane specimen. The amended data are listed at Table
3. All values of Cf are about 0.1–0.4; the frequency
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Fig. 9. The modiﬁed ultra high-cycle fatigue S–N curves
of DZ125 superalloy(plate samples).
Table 3. Load frequency modiﬁed results for f = 20 kHz
for plate specimens.
Nf Cf σal/MPa
7.35× 105 0.405 162.0
4.26× 105 0.288 115.0
1.17× 107 0.236 82.7
1.36× 107 0.229 68.8
2.79× 108 0.127 38.0
1.03× 109 0.098 24.7
20 kHz has much eﬀect on the fatigue property for plane
specimen. The data at f = 20 kHz must be amended
for being used to analyze the fatigue strength of the
material. From the data, the plane specimen has more
eﬀect on fatigue than the cylindrical specimen, which
maybe relate to the cylindrical specimen was taken for
conditional fatigue test.
The ﬁtted S–N curves after amended are shown in
Fig. 9. The fatigue property data of f = 125 Hz are
very close to those of f = 10–145 Hz, and the ﬁtted
S–N curve of f = 125 Hz coincides with the one of
f = 10–145 Hz (Fig. 9(a)). The ﬁtted S–N curve of
f = 20 kHz for cylindrical specimen joins well with the
one of f = 10–145 Hz, which make up the data short
in 107–109 (Fig. 9(b)). The ﬁtted S–N curve of f =
20 kHz for plane specimen joins well with the one of
f = 10–145 Hz, which make up the data short in 107–
109 (Fig. 9(c)).
(1) Fatigue fracture still occurs above 108 for the
frequency f = 20 kHz and stress ratio R = −1 tests,
for cylindrical and plate specimens, so the traditional
fatigue limit at cycle of 107 is not appropriate for fatigue
design.
(2) Fatigue fracture surfaces are perpendicular to
stress axis for cylindrical and plate specimens, and the
fatigue cracks originate from the extra surface of speci-
mens.
(3) There is obvious frequency eﬀect for DZ125 su-
peralloy. The higher the test frequency, the more serious
the eﬀect of frequency on fatigue behaviors of the alloy.
(4) After the frequency correction, the S–N curve
of f = 125 Hz coincides with the traditional fatigue S–
N curve. The S–N curve of f = 20 kHz for cylindrical
specimen joins well with the traditional fatigue S–N
curve. The S–N curve of f = 20 kHz for plane specimen
join well with the traditional fatigue S–N curve.
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